Renin (EC 3.4.23.15 ) is a key enzyme in the renin-angiotension system, which is important in the control of blood pressure and the electrolyte balance.1>2) The enzyme is synthesized as preprorenin, which is processed to prorenin (trypsin activatable renin), and then converted into active renin. 3 "6) Every inbred strain of mice carries a renin gene (Ren-1) which encodes Ren-1 renin. Some strains have an additional renin gene (Ren-2), which encodes Ren-2 renin. Therefore, all strains of mice are divided into one-renin-gene mice and two-renin-gene mice.7~9) Ren-1 and Ren-2renins have been investigated for their biochemical properties and the following results have been so far accumulated. ®: Their amino acid sequences were quite simijar 3,10-12) Q. Ren_] renin was thermostable and glycosylated while Ren-2 renin was thermolabile and not glycosylated.13'14)
Ren-1 and Ren-2 renin were expressed at least in the kidney12) and SMG, 3'4'15'16) Microplates for ELISA with 96 wells were from Greinef, FRG.Other reagents used in this study were of reagent grade.
Preparation of anti-SMG renin antibodies 1) Elicitation of anti-SMG renin antibodies. Pure SMG renin (Ren-2 renin, 0. 1 mg), fraction-C, which was purified by the method previously described16) was mixed with freund's complete adjuvant and then injected intradermally at multiple sites in a Japan White rabbit in the dorsumat weekly intervals. High titer antiserum that had high specificity to Ren-2 renin was obtained 5 weeks after the first injection.
2) Preparation of Fab' fragment from anti-Ren-2 renin antibodies. Anti-Ren-2 renin antiserum (l ml) was put on a Protein A Sepharose column (0.5 x 7.0cm) to obtain the IgG fraction, and the IgG fraction (8 mg/ml) was digested by 0.2 mg of pepsin at pH 4.5. The resultant F(ab' )2 fraction (4mg/ml) was reduced with 0.5 dim 2-mercaptomethylamine in the presence of 5mMEDTAat pH 6.0, and then put on a Sephadex G-25 column (1.5 x 30cm) to harvest about 2 mg ofFab' fraction for anti-Ren-2 renin antibodies. the Fab' fraction (2mg) in the presence of 2.5mM EDTA, at pH 6.0, 4°C for 18hr. The peroxidase-Fab' conjugate was purified using a Ultrogel AcA 44 column (1.5x 100cm) .
The conjugate fraction was stored at -20°C until analysis.
2) ELISA for Ren-2 renin. Diluted anti-Ren-2 renin antiserum (100/il) with 500 volumes of 0.05m sodium bicarbonate, pH 9.6, was incubated in each of 96 wells of a microplate for 16hr at 4°C. The wells adsorbing anti-Ren-2 renin antibodies were additionally incubated with 200fA of0.1% BSA in PBS for more than 16hr at 4°C to avoid nonspecific binding of the preoxidase-Fab' conjugate on the well walls in the following procedure.
Each well of the microplate bound with anti-Ren-2 renin antibodies was incubated with 100fA of renin solution at 4°C for 16 hr, washed 5 times with 300 fA ofPBS containing 0.05% Tween 20, and then incubated with 100iA of the peroxidase-Fab' conjugate (1 : 300 dilution) at 4°C for 16hr. After it was washed 5 times with 300/xl of PBS containing 0.05% Tween 20, each well was incubated with 150/xl of 55mMTMBfor 5min at 37°C. The enzyme reaction was started by adding 50,ul of H2O2, at 37°C for 30 min and stopped with 100 /A of2 m H2SO4. The products were measured at 450 nm by a microplate reader (MPR-A4, Tosoh, Japan).
Measurement of renin activity. Renin activity was measured by an angiotensin I ELISAsystem as described previously,20) after angiotensin I was generated by incubation of the active renin fraction (100/4) with partially purified rat angiotensinogen (900 ng angiotensin I equivalent) for 30min at 37°C in the presence of 5mM
EDTAand 5 him diisopropylfluorophosphate.
Prorenin assay. Prorenin has been reported to be converted into active renin by trypsin action.6'21} In this study, the prorenin fraction (125/zl) was incubated with 5Ojul oftrypsin (20mg/ml) at 4°C and pH 6.5 for 15min, and 5Ojul of soybean trypsin inhibitor (20mg/ml) was added to stop the trypsin action. The prorenin amount was, therefore, shown as the value of renin activity. 
Results
Enzyme activities of peroxidase-Fab' conjugate were measured in the presence of various amounts of purified SMG renin under our assay conditions. Atypical standard curve for SMGrenin is shown in Fig. 1 . SMGrenin could be measured in amounts as low as 1 ng by the assay system. CVvalues of intra-assay for SMGrenin in this microplate-ELISA were 3.5, 3.7, and4 .8% (n=9) at 1.0, 10, and 100ng of purified SMGrenin, respectively. CVvalues for interassay were 5.2, 5.7, and 5.8% at 1, 10, and lOO ng (« = 4), respectively. Renal extracts and plasma of human and hog did not interfere with this assay system. The contents and activities of renin in the tissue extracts and plasma of AKR(two-reningene strain) and BALB/c (one-renin-gene strain) mice were measured to examine specificity of this ELISA. As shown in Fig. 2B , renincontentswere 2.5 x 105, 41, and ll ng/mlin the SMG, kidney extract and plasma of AKR mice, respectively. Noneof the renin could be detected in these preparations of BALB/cmice using this assay system. On the other hand, the renin activities were 2.4x lO6, 8.3 x 102, and 1.7 x 102ng Angl/ml/hr in the SMG, kidney extract, and plasma of AKRmice, respectively ( Fig. 2A) . They were 0, 2.2x 102, and 26ng
Angl/ml/hr, respectively in these preparations from BALB/c mice. The renin activities in the AKR mice were completely inhibited by incubation with the anti-SMG renin antibodies (1 : 100 dilution), while those in the BALB/c mice were little suppressed by the antibodies.
It was further evaluated by Cibacron-blue column HPLCwhether this assay system could distinguish Ren-2 active renin from Ren-2 prorenin. Pure SMGrenin, plasma, and renal extract of AKRmice were put on the column and each elution was analyzed for Ren-2 renin content and its activity before and after a Fig. 3 . Cibacron-blue Column HPLC of Pure SMGRenin, AKR-mouse Plasma, and Kidney Extract. Pure SMGrenin solution (100/d including 5/ig of SMGrenin (fraction-C16) and 1% BSA), 100/zl of AKRplasma, and 100/d of AKRkidney extract were chromatographed on TSKgel AF-Blue 650MHcolumn (7.5mmx 7.5cm) at 0.5ml/min of flow rate using a Tosoh HPLCsystem. These are shown in Fig. A, B , and C, respectively. Renin activity (Fig. A-l , B-l, and C-l) and Ren-2 renin concentration (Fig. A-2 , B-2, and C-2) were analyzed in the non-adsorbed fraction and fraction eluted by 2m KC1 before and after trypsin treatment.
o I trypsin treatment. Figure 3 shows that ®: purified active SMG renin did not adsorb onto the column, while BSAattached to it (Fig. 3 , A-l and A-2), (2) : prorenin absorbed to the column and was eluted by 2m KC1 (Fig.  3 , B-l, and C-l), ©: prorenin eluted from the column could be detected by this assay system after trypsin treatment of the prorenin fraction (Fig. 3 , B-2 and C-2).
Discussion
In this study, we have developed a microplate ELISA for active Ren-2 renin (SMGrenin). A direct assay system for SMGrenin has been already established by Michelakis et a/.,22) and
Mailing and Poulsen23) using a competitive RIA method. Their RIA systems have high sensitivity, which can detect SMG renin in amounts as low as 50pg. However, their methods are much more time-consuming. It takes about 8 days to obtain the data. Using our ELISA, we could obtain the data for renin contents in tissues and plasma of AKRmice in 24^42hr (Figs. 2 and 3 ) when we could skip the first two steps, i.e., the antibody adsorption and blocking steps. Therefore, to our knowledge, this assay method is currently the most rapid system of all SMGrenin assays.
Recently, nucleotide sequences for cDNAs of Ren-1 and Ren-2 renin mRNAs have been analyzed in one-and two-renin-gene mice ?3,4,io-12,24) so that it can be deduced that amino acid sequences of Ren-1 renins were almost the same amongstrains, although the sequences related to glycoconjugation are different between Ren-1 and Ren-2 renin. This assay system was not obstructed by hog or humanrenal renin, and was not able to detect treatment.6'21} In this study, we detected Ren-2 prorenin in the kidney extract and plasma of AKRmice by a combination of Cibacron-blue HPLCand trypsin treatment (Fig. 3) . Although some investigators have tried to find prorenin in two-renin-gene mice using anti-SMG renin antibodies, they could not show the proform.28'29) Wefound that prorenin as well as partially active prorenin was detectable in the plasma and renal extract by this ELISAsystem after trypsin treatment (Fig. 3, B-2 and -3 ). The percentage of Ren-2 prorenin in the total amounts of prorenin in the plasma and kidney could be estimated to be more than half the amount of prorenin using the value of the specific activity for Ren-2 active renin. On the other hand, we could not observed Ren-1 prorenin in the kidney extract of BALB/cmice using a similar protocol (data are not shown).
More recently, Kim et al. purified a prorenin converting enzymefrom mouseSMG, and found that the enzymecould never process Ren-1 prorenin although Ren-2 prorenin was converted into Ren-2 active renin by its action.30) In this study, we have shownthat there is more Ren-2 prorenin than Ren-1 prorenin in the kidney and/or its extract. These findings suggest that Ren-2 prorenin is difficult to process by the Ren-1 prorenin-converting enzyme that probably exists in the mouse kidney.
In conclusion, Ren-2 active renin and its prorenin besides Ren-1 renin was found in the kidney and plasma of male AKRmice carrying two-renin genes by a rapid microplate ELISA established in this study. This assay system will be available for investigation of Ren-1 and
Ren-2 renins in mice and other projects for renin study.
